In addition to its high abundance in the postsynaptic density, CaMKII is also associated with presynaptic neurotransmitter vesicles at the synapse (Benfenati et al., 1992(Benfenati et al., , 1996 
, there was no significant change in fluorescence administration failed to block the glutamate-induced increase in mEPSC frequency, demonstrating that CaMKII intensity. As previously pointed out, it is possible that strong KCl stimulation produced maximal labeling of the inhibition does not block expression of glutamateinduced plasticity ( Figure 1D ). entire pool of releasable vesicles, and therefore, the fluorescence intensity of a bouton is not sensitive to To determine how CaMKII influences the release of neurotransmitter, we investigated the presynaptic rechanges in the probability of release (Ma et al., 1999 (1) many boutons were not loaded before glutamate application, and (2) boutons were unable to release the present in the medium, application of glutamate did not produce any increase in the number of active boutons dye once they had taken it up before glutamate application but release it after glutamate application. To solve (126% Ϯ 16% increase at 30 min after glutamate application, p Ͻ 0.001, one-way ANOVA followed by LSD, this issue, we have conducted analysis on randomly selected boutons (n ϭ 48 from three dishes), which did Figures 2B and 2D) . Similar to the experiments on the spontaneous release of neurotransmitter, KN-93 failed not undergo destaining before glutamate application. We found that only 4.4% of such boutons were deto block the glutamate-induced increase in active presynaptic boutons when it was applied after glutamate stained after postglutamate destaining (Figure 3 ). Similar data were obtained from 36 boutons that were randomly application (264% Ϯ 33%, n ϭ 4, data not shown). The inactive KN-93 analog KN-92 (5 M) did not have any chosen from dishes that were not treated with glutamate (2.8%, data not shown). Thus, the glutamate-induced effect on the glutamate-induced increase in presynaptic boutons ( Figure 2D ). KN-93 alone had no effect on the increase in the number of active boutons does not correspond to boutons, which are unable to release dye once basal number of presynaptic boutons ( Figure 2D ).
Unless there was morphological growth of new synthey have taken it up before glutamate application but release it after glutamate application ( Figure 3 ). Moreapses within a few minutes (this is unlikely, provided the observation that no consistent changes in the morover, the cultures were mechanically stable, as demonstrated by the comparison of images taken just after FM phology of cultured hippocampal neurons were observed during the first 30 min following glutamate appliloading and images at 5 and 90 min during washing (Supplemental Figure S1 at http://www.neuron.org/cgi/ ber of active boutons (264% Ϯ 10%, this value was averaged by pooling data from eight dishes that had content/full/42/1/129/DC1). Therefore, it was possible to do a retrospective analysis of presynaptic terminals received 10 or 50 M CaMKII inhibitor peptide given that there was no difference between these two condiin order to understand the preinduction behavior. The images were analyzed in such a way that the number tions, p Ͻ 0.001, one-way ANOVA followed by LSD, Figures 4B and 4C) . These results clearly demonstrate of boutons were determined based on regions of interest randomly chosen from postinduction images without that inhibiting presynaptic CaMKII blocks the glutamateinduced increase in the number of presynaptic active applying any threshold. This analysis revealed that 97.2% of the observed increase (262% Ϯ 21%, n ϭ Next, we investigated whether inhibition of presynaptic CaMKII could block long-lasting potentiation induced by NO/cGMP/cGK pathway activation. We reproduced previous findings showing that long-lasting potentiation can be induced by brief application of NO donor or cGK agonists when paired with weak tetanus (Arancio et al.,  1995, 1996) . We used 2-(N,N-Diethylamino)-diazenolate-2-oxide diethylammonium salt (3 M, DEA/NO) as NO donor. Brief perfusion of DEA/NO alone for 3 min did not produce any change in EPSC amplitude in paired hippocampal neurons. However, in the group where weak tetanus was delivered together with DEA/NO, there was a significant long-lasting increase in EPSC amplitude (126.6% Ϯ 9.4% and 131% Ϯ 14%, respectively, at 1 and 30 min after the weak tetanus, twoway ANOVA with one repeated measure, Figure 8A ). (1 M) for 1 min increased the number of active presynproduce LTP (Arancio et al., 2001) . In order to investigate aptic boutons (178.5% Ϯ 19% at 30 min, n ϭ 4, p Ͻ 0.01, whether CaMKII is involved in the long-lasting potentiaone-way ANOVA followed by LSD, Figure 8D ). However, tion due to the activation of the NO/cGMP/cGK pathway application of 8-pCPT-cGMP did not increase the numin cultured hippocampal neurons, we tested the effect ber of yellow puncta in dishes where cells were injected of the NO synthase inhibitor L-NMA (100 M, N W -methylwith 10 M CaMKII inhibitor peptide along with rEGFP L-arginine) and the highly-specific cGK inhibitor KT5823 (93.3% Ϯ 7.4% at 30 min, n ϭ 4). In contrast, there was (2 M) on long-lasting potentiation induced by presyna significant increase in yellow puncta in dishes where aptic injection of the CaMKII ␣ subunit paired with a cells were injected with 10 M inactivated CaMKII inhibiweak tetanus (Figure 7) . Perfusion of either L-NMA or tor peptide along with rEGFP (162.8% Ϯ 15.4% at 30 KT5823 did not affect the potentiation induced by premin, p Ͻ 0.05, one-way ANOVA followed by LSD, Figure  synaptic injection of the CaMKII ␣ subunit paired with 8D). These results not only suggest that CaMKII is inweak tetanus (two-way ANOVA with one repeated meavolved in NO/cGMP/cGK-induced potentiation but also sure, Figure 7 ). These results demonstrate that presynthat CaMKII acts at the downstream level of the NO/ aptic CaMKII-induced long-lasting potentiation does not need NO production or cGK activation.
cGMP/cGK pathway. hypothesis that would be interesting to test is whether plasticity was induced 15 or 45 min after the injection of inhibitor
